WES 2808 for Brittle Fracture Assessment of Steel Components under Seismic Conditions – Part VI: Application of WES 2808 to Beam-to-column Connections  by Takashima, Y et al.
ScienceDirect
Available online at www.sciencedirect.com
 
Av ilable o line at www.sciencedire t.com 
ScienceDirect 
Structural Integrity Procedia 00 (2016) 000–000  
www.elsevier.com/locate/procedia 
 
2452-3216 © 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of PCF 2016.  
XV Portuguese Conference on Fracture, PCF 2016, 10-12 February 2016, Paço de Arcos, Portugal 
Thermo-mechanical modeling of a high pressure turbine blade of an 
airplane gas turbine engine 
P. Brandãoa, V. Infanteb, A.M. Deusc* 
aDepartment of Mechanical Engineering, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1, 1049-001 Lisboa, 
Portugal 
bIDMEC, Department of Mechanical Engineering, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1, 1049-001 Lisboa, 
Portugal 
cCeFEMA, Department of Mechanical Engineering, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1, 1049-001 Lisboa, 
Portugal  
Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
This paper describes application of revised fracture assessment method specified in WES 2808 to full-scale models of beam-to-
column connections subjected to cyclic and dynamic loading. Fracture tests of full-scale models of beam-to-column connections 
were carried out (Morita, 1999, and Yoshimura, 2006). Cyclic loading tests were conducted, which included dyna ic loading 
tests. Brittle fracture occurred from weld defects (lack of fusion or wel  crack) or artificial defects in beam-to-c lumn 
connections. In cc rdance with WES 2808, the fracture train at the beam end in the connection was evaluat d. Fracture 
toughness of a local area including fracture initiation s te was replaced by the static fracture toughness at referenc emperature 
defin  by WES 2808. The equivalent CTOD ratio β was employed to correct t  constraint l s n structural components on the 
basis of the Weibull stress criterion. The fracture performance of full-scale models of beam-to-column connections evaluated by 
the procedure specified in WES 2808 was almost consistent with the experimental results. 
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1. Introduction 
Large cyclic and dynamic straining at earthquake causes brittle fracture of building steel structures. For assessing 
the structural integrity against earthquake, the fracture assessment procedure, WES 2808, was developed for steel 
structures subjected to seismic loading. This procedure is characterized by two ideas: 1) a reference temperature 
concept for the fracture toughness evaluation under seismic conditions, and 2) an equivalent CTOD concept for the 
CTOD toughness correction for constraint loss in structural components. The revision of WES 2808 improves the 
fracture assessment procedure based on the reference temperature concept and the equivalent CTOD concept. 
This paper describes application of revised fracture assessment method specified in WES 2808 to full-scale 
models of beam-to-column connections subjected to cyclic and dynamic loading. The fracture strain at the beam end 
in the connection was evaluated, in accordance with WES 2808. The fracture toughness was replaced by the static 
fracture toughness at reference temperature defined by WES 2808. The equivalent CTOD ratio β was employed to 
correct the constraint loss in structural components on the basis of the Weibull stress criterion. The fracture 
performance of full-scale models of beam-to-column connections was evaluated by the procedure specified in WES 
2808. 
2. Full-scale fracture test of beam-to-column subassemblies 
2.1. Case I 
Fracture tests of full-scale models of beam-to-column connections were carried out by Morita et al. (1999). 
Materials used in the tests were 490 MPa strength class structural steels. The configuration of the specimen is shown 
in Fig. 1. Various details of connection with the weld access hole were employed as shown in Fig. 1. 
Cyclic loading was applied at 0ºC under the static condition. Some tests were conducted under dynamic 
condition. The dynamic loading tests were carried out at a strain rate in the order of 10% per second. During the 
tests, the history of the load and strain at the beam end was recorded.  
 
Fig. 1 Full-scale specimen of beam-to-column subassembly including welded joints (Case I) 
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Table 1 Full-scale test results of beam-to-column subassemblies (Case I) 
Specimen Fracture 
location 
Defect 
type 
Crack  
size, 2c 
(mm) 
Crack 
size, a 
(mm) 
Equivalent 
crack size 
 a  (mm) 
Strain 
concentration 
factor Kε 
Pre-strain 
pre (%) 
Fracture 
global 
strain ef (%) 
1S-1 Access hole bottom CSCP 35 3 3.6 2.8 1.75 3.04 
3-1 Access hole bottom CSCP 35 3 3.6 2.7 1.30 2.88 
3-2 Weld HAZ ESCP 35 7 8.53 1.6 0.81 1.21 
3-2’ Weld HAZ ETCP 34 - 19 1.5 4.40 2.27 
7-2 Weld metal ESCP 32 6 7.15 1.7 1.65 1.14 
8-1 Weld HAZ ESCP 21 6 5.56 1.8 3.78 1.22 
8-2 Weld HAZ ESCP 21 6 5.56 1.9 2.00 4.45 
9-1 Discontinuity  
at beam flange edge 
ESCP 28 8 7.94 3.5 2.46 5.01 
7II a-1 Weld HAZ CSCP 28 5 5.2 2.5 1.92 1.43 
8-1，8-2：Dynamic loading at strain rate of macro = 10%s-1 (8-1), 8.7%s-1 (8-2) 
σY0(T0) = 336 N/mm2, σT0(T0) = 552 N/mm2  ( σY0(T0) = 392 N/mm2, σT0(T0) = 538 N/mm2 for 7II a-1) 
A total of 30 full-scale specimens were tested. Brittle fracture occurred from weld defects (lack of fusion or weld 
crack) at the bottom of the access hole or the weld toe near the weld start/end area of the beam-to-column joints. 
Table 1 lists nine specimens where the crack size at the fracture origin was obvious. The amount of pre-strain prior 
to the final load cycle at fracture is shown in Table 1. 
2.2. Case II 
Fracture tests of full-scale models of beam-to-column connections including artificial defects in discontinuity at 
beam flange edge were carried out by Yoshimura (2006). The configuration of the specimen is shown in Fig. 2. 
Materials used in the tests were 490 MPa strength class structural steels. The artificial defect like surface crack with 
a depth of a=5 mm was machined at the edge of beam flange. Various crack length of artificial defect employed was 
shown in Table 2. 
 
Fig. 2 Full-scale specimen of beam-to-column subassembly with artificial defect at beam flange edge (Case II) 
 Takashima Y et al. / Procedia Structural Integrity 2 (2016) 1585–1592 1587
2 Takashima, Y. / Structural Integrity Procedia  00 (2016) 000–000 
 
 
1. Introduction 
Large cyclic and dynamic straining at earthquake causes brittle fracture of building steel structures. For assessing 
the structural integrity against earthquake, the fracture assessment procedure, WES 2808, was developed for steel 
structures subjected to seismic loading. This procedure is characterized by two ideas: 1) a reference temperature 
concept for the fracture toughness evaluation under seismic conditions, and 2) an equivalent CTOD concept for the 
CTOD toughness correction for constraint loss in structural components. The revision of WES 2808 improves the 
fracture assessment procedure based on the reference temperature concept and the equivalent CTOD concept. 
This paper describes application of revised fracture assessment method specified in WES 2808 to full-scale 
models of beam-to-column connections subjected to cyclic and dynamic loading. The fracture strain at the beam end 
in the connection was evaluated, in accordance with WES 2808. The fracture toughness was replaced by the static 
fracture toughness at reference temperature defined by WES 2808. The equivalent CTOD ratio β was employed to 
correct the constraint loss in structural components on the basis of the Weibull stress criterion. The fracture 
performance of full-scale models of beam-to-column connections was evaluated by the procedure specified in WES 
2808. 
2. Full-scale fracture test of beam-to-column subassemblies 
2.1. Case I 
Fracture tests of full-scale models of beam-to-column connections were carried out by Morita et al. (1999). 
Materials used in the tests were 490 MPa strength class structural steels. The configuration of the specimen is shown 
in Fig. 1. Various details of connection with the weld access hole were employed as shown in Fig. 1. 
Cyclic loading was applied at 0ºC under the static condition. Some tests were conducted under dynamic 
condition. The dynamic loading tests were carried out at a strain rate in the order of 10% per second. During the 
tests, the history of the load and strain at the beam end was recorded.  
 
Fig. 1 Full-scale specimen of beam-to-column subassembly including welded joints (Case I) 
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Table 1 Full-scale test results of beam-to-column subassemblies (Case I) 
Specimen Fracture 
location 
Defect 
type 
Crack  
size, 2c 
(mm) 
Crack 
size, a 
(mm) 
Equivalent 
crack size 
 a  (mm) 
Strain 
concentration 
factor Kε 
Pre-strain 
pre (%) 
Fracture 
global 
strain ef (%) 
1S-1 Access hole bottom CSCP 35 3 3.6 2.8 1.75 3.04 
3-1 Access hole bottom CSCP 35 3 3.6 2.7 1.30 2.88 
3-2 Weld HAZ ESCP 35 7 8.53 1.6 0.81 1.21 
3-2’ Weld HAZ ETCP 34 - 19 1.5 4.40 2.27 
7-2 Weld metal ESCP 32 6 7.15 1.7 1.65 1.14 
8-1 Weld HAZ ESCP 21 6 5.56 1.8 3.78 1.22 
8-2 Weld HAZ ESCP 21 6 5.56 1.9 2.00 4.45 
9-1 Discontinuity  
at beam flange edge 
ESCP 28 8 7.94 3.5 2.46 5.01 
7II a-1 Weld HAZ CSCP 28 5 5.2 2.5 1.92 1.43 
8-1，8-2：Dynamic loading at strain rate of macro = 10%s-1 (8-1), 8.7%s-1 (8-2) 
σY0(T0) = 336 N/mm2, σT0(T0) = 552 N/mm2  ( σY0(T0) = 392 N/mm2, σT0(T0) = 538 N/mm2 for 7II a-1) 
A total of 30 full-scale specimens were tested. Brittle fracture occurred from weld defects (lack of fusion or weld 
crack) at the bottom of the access hole or the weld toe near the weld start/end area of the beam-to-column joints. 
Table 1 lists nine specimens where the crack size at the fracture origin was obvious. The amount of pre-strain prior 
to the final load cycle at fracture is shown in Table 1. 
2.2. Case II 
Fracture tests of full-scale models of beam-to-column connections including artificial defects in discontinuity at 
beam flange edge were carried out by Yoshimura (2006). The configuration of the specimen is shown in Fig. 2. 
Materials used in the tests were 490 MPa strength class structural steels. The artificial defect like surface crack with 
a depth of a=5 mm was machined at the edge of beam flange. Various crack length of artificial defect employed was 
shown in Table 2. 
 
Fig. 2 Full-scale specimen of beam-to-column subassembly with artificial defect at beam flange edge (Case II) 
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Table 2 Full-scale test results of beam-to-column subassemblies (Case II) 
Specimen Fracture 
location 
Defect 
type 
Crack  
size, c 
(mm) 
Crack 
size, a 
(mm) 
Equivalent 
crack size 
 a  (mm) 
Strain 
concentration 
factor Kε 
Pre-strain 
pre (%) 
Fracture 
global 
strain ef (%) 
DBT-S23 Discontinuity  
at beam flange edge 
ESCP 29.3 5 9.04 2.7 0.85 1.66 
DBT-S18 Discontinuity  
at beam flange edge 
ESCP 22.9 5 8.25 2.7 1.00 1.18 
DBT-S13 Discontinuity  
at beam flange edge 
ESCP 16.6 5 7.19 2.7 1.31 1.79 
DBT-S8 Discontinuity  
at beam flange edge 
ESCP 10.1 5 5.42 2.7 3.25 0.88 
 
Cyclic loading was applied at 10ºC under the static condition. A total of 4 specimens were tested. Table 2 lists the 
results of fracture tests of full-scale specimen. The amount of pre-strain prior to the final load cycle at fracture is 
shown in Table 2. Brittle fracture occurred from the artificial defect near discontinuity at beam flange edge. 
3. Procedure in WES 2808 for fracture assessment  
In accordance with the procedure in WES 2808, the fracture global strain, ef, of component was predicted. The 
prediction procedure is given as follows: 
1) Input the pre-strain εpre and the strain rate   in the target area of the component. 
2) Estimate the local pre-strain, εpre, local, and the local strain rate, , by Eq. (1) with the strain concentration 
factor, Kε. 
pre, local  K pre ,  (1) 
3) Estimate the flow stress elevation, ΔσfPD = (ΔσY+ΔσT)/2, by the local pre-strain, εpre, local, and the local strain 
rate, , at the service temperature T of the component. The increases in the yield and tensile strengths, 
ΔσY and ΔσT, are given by Eqs. (2) and (3), depending on the strength class of the steel. 
  (2) 
  (3) 
where σY0pre(T0) and σT0pre(T0) are the static yield strength and tensile strength, respectively, at the room 
temperature T0 (=293 K) with pre-strain εpre, E is Young’s modulus (=206 GPa) and  is the static strain rate 
(=10-4 /s). 
4) Determine the temperature shift, ΔTPD, by Eq. (4) from the flow stress elevation, ΔσfPD. 
TPD ºC   0.4   f
PD : 0   fPD 100 (N/mm2 )
40 :100   fPD  300 (N/mm2 )



  (4) 
5) Employ the CTOD fracture toughness, δcr (T–ΔTPD), at the reference temperature of T–ΔTPD. 
6) Determine the equivalent CTOD ratio, β, for the component with equations described in Minami et al. (2016) 
and Ohata et al. (2016), depending on the crack type. 
7) Correct the CTOD fracture toughness for constraint loss to lead to δcr, struc (T) = δcr (T–ΔTPD)/β. 
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8) Get the local strain, ef, local, at fracture of the component by substituting δcr, struc (T) into Eq. (5). 
struc
Ya
  2   elocal Y 
2 elocal Y 
 8   9 elocal Y  5  elocal Y 



 (5) 
where δ struc is the CTOD of a crack in the structural component, elocal is a local strain defined as an average 
strain in the assumed crack area, εY is the yields strain of the material and a  is a half length of the equivalent 
through thickness crack. 
9) Convert the fracture local strain, ef, local, to the fracture global strain, ef, of the component: ef = ef, local/Kε. 
 
Fig. 3 Procedure for prediction of fracture global strain 
The flow chart of the procedure is summarized in Fig. 3. 
4. Fracture strain prediction by WES 2808 
4.1. Fracture toughness test and Charpy impact test 
In the Case I, fracture toughness of a local area including fracture initiation site, which were weld heat affected 
zone (HAZ) of the beam flange and the weld metal, were evaluated by CTOD fracture toughness tests. Fracture 
toughness tests were conducted for the beam flange, the weld HAZ and the weld metal in a temperature range –80 to 
0ºC by APD Committee in JWES (1999). Three specimens were tested at each test temperature. The values of 
critical CTOD are plotted in Fig. 4. The regression curve of critical CTOD is shown in Fig. 4. 
In the Case II that CTOD toughness data was not available, the fracture toughness of the steel used in the beam 
end was estimated from the Charpy impact test results by means of the empirical correlation between CTOD 
fracture toughness and Charpy absorbed energy. Charpy impact tests were carried out in a temperature range –40 to 
80ºC by Yoshimura (2006). The result of Charpy test is shown in Fig. 5. The critical CTOD is calculated by Eq. (6) 
from the Charpy absorbed energy. 
cr T   1250 KV T T   (6) 
where KV is Charpy absorbed energy and ΔT is the difference of the transition temperature between CTOD fracture 
toughness test and Charpy impact test. The ΔT is determined by Eq. (7). 
T  870.10 Y0 T0  6 t  (7) 
where t is the thickness of CTOD specimen. 
e .
ε     pre
β 
Δσ     fPD Δσ     f
PD
ΔT     = PD
Pre-strain
Strain rate
Strain concentration  
factor K   ε
Local pre-strain 
Local strain rate e local .
ε     pre, local Flow stress elevation
= (ΔσY+ΔσT)/2
Temperature shift
40ºC
0.4·
Equivalent 
CTOD ratio
CTOD fracture toughnessCTOD fracture toughness
at reference temperature
δcr (T-ΔT    )PDδcr, struc (T) = δcr (T–ΔT     )/βPD
Constraint lossfor component
Fracture global 
strain
Fracture local 
strain
1) 2) 3) 4)
5)
6)
Crack type 
Crack size
7)
ef, localef
8)9)
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Table 2 Full-scale test results of beam-to-column subassemblies (Case II) 
Specimen Fracture 
location 
Defect 
type 
Crack  
size, c 
(mm) 
Crack 
size, a 
(mm) 
Equivalent 
crack size 
 a  (mm) 
Strain 
concentration 
factor Kε 
Pre-strain 
pre (%) 
Fracture 
global 
strain ef (%) 
DBT-S23 Discontinuity  
at beam flange edge 
ESCP 29.3 5 9.04 2.7 0.85 1.66 
DBT-S18 Discontinuity  
at beam flange edge 
ESCP 22.9 5 8.25 2.7 1.00 1.18 
DBT-S13 Discontinuity  
at beam flange edge 
ESCP 16.6 5 7.19 2.7 1.31 1.79 
DBT-S8 Discontinuity  
at beam flange edge 
ESCP 10.1 5 5.42 2.7 3.25 0.88 
 
Cyclic loading was applied at 10ºC under the static condition. A total of 4 specimens were tested. Table 2 lists the 
results of fracture tests of full-scale specimen. The amount of pre-strain prior to the final load cycle at fracture is 
shown in Table 2. Brittle fracture occurred from the artificial defect near discontinuity at beam flange edge. 
3. Procedure in WES 2808 for fracture assessment  
In accordance with the procedure in WES 2808, the fracture global strain, ef, of component was predicted. The 
prediction procedure is given as follows: 
1) Input the pre-strain εpre and the strain rate   in the target area of the component. 
2) Estimate the local pre-strain, εpre, local, and the local strain rate, , by Eq. (1) with the strain concentration 
factor, Kε. 
pre, local  K pre ,  (1) 
3) Estimate the flow stress elevation, ΔσfPD = (ΔσY+ΔσT)/2, by the local pre-strain, εpre, local, and the local strain 
rate, , at the service temperature T of the component. The increases in the yield and tensile strengths, 
ΔσY and ΔσT, are given by Eqs. (2) and (3), depending on the strength class of the steel. 
  (2) 
  (3) 
where σY0pre(T0) and σT0pre(T0) are the static yield strength and tensile strength, respectively, at the room 
temperature T0 (=293 K) with pre-strain εpre, E is Young’s modulus (=206 GPa) and  is the static strain rate 
(=10-4 /s). 
4) Determine the temperature shift, ΔTPD, by Eq. (4) from the flow stress elevation, ΔσfPD. 
TPD ºC   0.4   f
PD : 0   fPD 100 (N/mm2 )
40 :100   fPD  300 (N/mm2 )



  (4) 
5) Employ the CTOD fracture toughness, δcr (T–ΔTPD), at the reference temperature of T–ΔTPD. 
6) Determine the equivalent CTOD ratio, β, for the component with equations described in Minami et al. (2016) 
and Ohata et al. (2016), depending on the crack type. 
7) Correct the CTOD fracture toughness for constraint loss to lead to δcr, struc (T) = δcr (T–ΔTPD)/β. 
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8) Get the local strain, ef, local, at fracture of the component by substituting δcr, struc (T) into Eq. (5). 
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Fig. 3 Procedure for prediction of fracture global strain 
The flow chart of the procedure is summarized in Fig. 3. 
4. Fracture strain prediction by WES 2808 
4.1. Fracture toughness test and Charpy impact test 
In the Case I, fracture toughness of a local area including fracture initiation site, which were weld heat affected 
zone (HAZ) of the beam flange and the weld metal, were evaluated by CTOD fracture toughness tests. Fracture 
toughness tests were conducted for the beam flange, the weld HAZ and the weld metal in a temperature range –80 to 
0ºC by APD Committee in JWES (1999). Three specimens were tested at each test temperature. The values of 
critical CTOD are plotted in Fig. 4. The regression curve of critical CTOD is shown in Fig. 4. 
In the Case II that CTOD toughness data was not available, the fracture toughness of the steel used in the beam 
end was estimated from the Charpy impact test results by means of the empirical correlation between CTOD 
fracture toughness and Charpy absorbed energy. Charpy impact tests were carried out in a temperature range –40 to 
80ºC by Yoshimura (2006). The result of Charpy test is shown in Fig. 5. The critical CTOD is calculated by Eq. (6) 
from the Charpy absorbed energy. 
cr T   1250 KV T T   (6) 
where KV is Charpy absorbed energy and ΔT is the difference of the transition temperature between CTOD fracture 
toughness test and Charpy impact test. The ΔT is determined by Eq. (7). 
T  870.10 Y0 T0  6 t  (7) 
where t is the thickness of CTOD specimen. 
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Fig. 4 Fracture toughness test results for steels and welds of Case I 
 
Fig. 5 Charpy absorbed energy of steel used in beam end of Case II 
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4.2. Flow stress elevation and temperature shift by pre-strain and dynamic loading  
The flow stress elevation, ΔσfPD, by pre-strain and dynamic loading at the service temperature T of the component 
was estimated. The temperature shift, ΔTPD, was determined by Eq. (4) from the flow stress elevation, ΔσfPD. The 
fracture toughness was replaced by the static fracture toughness at reference temperature of T–ΔTPD. The values of 
ΔTPD and critical CTOD at the reference temperature of T–ΔTPD are listed in Table 3 and Table 4. 
Table 3 Prediction results for fracture strain of beam-to-column subassemblies (Case I) 
Specimen Temperature 
shift ΔTPD (℃) 
Critical CTOD at 
T-ΔTPD (mm) 
Equivalent 
CTOD ratio  
Fracture global strain (%) 
Measured Predicted 
1S-1 40 0.034 0.15 3.04 0.68 
3-1 35 0.038 0.15 2.88 0.79 
3-2 15 0.37 0.26 1.21 3.00 
3-2’ 40 0.24 0.33 2.27 0.78 
7-2 30 0.05 0.19 1.14 0.66 
8-1 40 0.24 0.17 1.22 4.04 
8-2 40 0.24 0.17 4.45 3.82 
9-1 40 0.40 0.16 5.01 2.31 
7II a-1 40 0.24 0.13 1.43 4.00 
 
Table 4 Prediction results for fracture strain of beam-to-column subassemblies (Case II) 
Specimen Temperature 
shift ΔTPD (℃) 
Critical CTOD at 
T-ΔTPD (mm) 
Equivalent 
CTOD ratio  
Fracture global strain (%) 
Measured Predicted 
DBT-S23 20 0.27 0.29 1.66 1.10 
DBT-S18 25 0.24 0.25 1.18 1.27 
DBT-S13 30 0.20 0.24 1.79 1.26 
DBT-S8 40 0.14 0.17 0.88 1.63 
4.3. Prediction of fracture global strain of beam-to-column subassemblies 
The equivalent CTOD ratio β was employed to correct the constraint loss in structural components on the basis of 
the Weibull stress criterion. The range of β in this study is from 0.13 to 0.33, as shown in Table 3 and Table 4. The 
fracture toughness was corrected by using β.  
The fracture global strain for full-scale models of beam-to-column connections was predicted by the procedure 
specified in Chapter 3. The results of the prediction for the Case I and Case II are listed in Table 3 and Table 4, 
respectively. Figure 6 compares the fracture global strain predicted and measured in the fracture test. Broken line 
corresponds to the scatter range of the fracture toughness. The predicted fracture strain by the procedure specified in 
WES 2808 agrees well with the measured fracture strain.  
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4.2. Flow stress elevation and temperature shift by pre-strain and dynamic loading  
The flow stress elevation, ΔσfPD, by pre-strain and dynamic loading at the service temperature T of the component 
was estimated. The temperature shift, ΔTPD, was determined by Eq. (4) from the flow stress elevation, ΔσfPD. The 
fracture toughness was replaced by the static fracture toughness at reference temperature of T–ΔTPD. The values of 
ΔTPD and critical CTOD at the reference temperature of T–ΔTPD are listed in Table 3 and Table 4. 
Table 3 Prediction results for fracture strain of beam-to-column subassemblies (Case I) 
Specimen Temperature 
shift ΔTPD (℃) 
Critical CTOD at 
T-ΔTPD (mm) 
Equivalent 
CTOD ratio  
Fracture global strain (%) 
Measured Predicted 
1S-1 40 0.034 0.15 3.04 0.68 
3-1 35 0.038 0.15 2.88 0.79 
3-2 15 0.37 0.26 1.21 3.00 
3-2’ 40 0.24 0.33 2.27 0.78 
7-2 30 0.05 0.19 1.14 0.66 
8-1 40 0.24 0.17 1.22 4.04 
8-2 40 0.24 0.17 4.45 3.82 
9-1 40 0.40 0.16 5.01 2.31 
7II a-1 40 0.24 0.13 1.43 4.00 
 
Table 4 Prediction results for fracture strain of beam-to-column subassemblies (Case II) 
Specimen Temperature 
shift ΔTPD (℃) 
Critical CTOD at 
T-ΔTPD (mm) 
Equivalent 
CTOD ratio  
Fracture global strain (%) 
Measured Predicted 
DBT-S23 20 0.27 0.29 1.66 1.10 
DBT-S18 25 0.24 0.25 1.18 1.27 
DBT-S13 30 0.20 0.24 1.79 1.26 
DBT-S8 40 0.14 0.17 0.88 1.63 
4.3. Prediction of fracture global strain of beam-to-column subassemblies 
The equivalent CTOD ratio β was employed to correct the constraint loss in structural components on the basis of 
the Weibull stress criterion. The range of β in this study is from 0.13 to 0.33, as shown in Table 3 and Table 4. The 
fracture toughness was corrected by using β.  
The fracture global strain for full-scale models of beam-to-column connections was predicted by the procedure 
specified in Chapter 3. The results of the prediction for the Case I and Case II are listed in Table 3 and Table 4, 
respectively. Figure 6 compares the fracture global strain predicted and measured in the fracture test. Broken line 
corresponds to the scatter range of the fracture toughness. The predicted fracture strain by the procedure specified in 
WES 2808 agrees well with the measured fracture strain.  
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     (a) Case I (b) Case II 
Fig. 6 Comparison between fracture global strains at beam end predicted by WES2808 and measured in fracture test for full-scale beam-to-
column subassemblies. 
5. Summary 
This paper demonstrates the application of fracture assessment method specified in WES 2808 to full-scale 
models of beam-to-column connections subjected to cyclic and dynamic loading. The fracture performance of full-
scale models of beam-to-column connections evaluated by the procedure specified in WES 2808 was almost 
consistent with the experimental results. 
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